Ultrasound (US) combined with magnetic resonance imaging (MRI) in the diagnosis of primary hepatocellular carcinoma (PHCC) and recurrent hepatocellular carcinoma (RHCC) were compared. The clinical data of 329 patients with hepatocellular carcinoma (HCC) admitted to Qingdao Women and Children's Hospital from June 2015 to December 2017 were collected. One hundred and sixty patients with PHCC were regarded as the PHCC group, and the other 169 patients with RHCC were regarded as the RHCC group. US and MRI were used in the imaging diagnosis of both groups and the results of US combined with MRI, US, and MRI alone were compared. The lesion size in the PHCC group was significantly higher than that in the RHCC group (P<0.05). The MRI fast-in and fast-out rates of the two groups were significantly higher than those of the other three methods (P<0.05). The coincidence rate of MRI in the two groups was higher than that of computed tomography (CT), US, and US combined with MRI (P<0.05). The coincidence rates of CT, US, MRI, and US combined with MRI in PHCC group were significantly higher than those in RHCC group. In PHCC group, MRI was superior to the other methods in the detection of micro HCC (P<0.05). In RHCC group, MRI was significantly better than US in the detection of micro HCC (P<0.05). The sensitivity, specificity, positive predictive value and negative predictive value of MRI were significantly better than the other three methods (P<0.05). MRI alone has the best diagnostic efficacy for micro HCC-type lesions. The diagnostic efficacy of MRI, US, CT, and US combined with MRI in PHCC was better than those in RHCC. In addition to imaging examination, the diagnosis of RHCC should be combined with other indicators for comprehensive diagnosis.
Introduction
Primary hepatocellular carcinoma (PHCC), a tumor derived from hepatocytes or intrahepatic ductal epithelial cells, is one of the most common malignant tumors (1) . Its mortality is second only to gastric and esophageal cancer, and PHCC ranks third among cancers of the digestive system. PHCC has clinical features of insidious onset, non-obvious early symptoms and rapid progression. Nevertheless, with the development of medical science, the technology of early diagnosis of PHCC has greatly improved, and more patients with PHCC can undergo radical treatment (2) (3) (4) . However, studies have also reported that the cumulative incidence of recurrent hepatocellular carcinoma (RHCC) after PHCC is 70-88% (5) , and the recurrence after PHCC is an important factor of survival prognosis (6) .
Ultrasound (US) and magnetic resonance imaging (MRI) are used to determine the morphological characteristics of liver, judging by the size of the liver and the difference in signal and density between normal and diseased tissue (7, 8) . US can determine the nature and condition of the lesion by observing the blood perfusion of a liver tumor. The characteristic indices of US diagnosis of hepatocellular carcinoma (HCC) is 'fast in and fast out', the arterial phase is rapidly enhanced, and the portal phase is rapidly declining and hypoechoic (9) . However, it has been reported that some HCC does not meet the indices, especially RHCC, which may lead to missed diagnosis by US (10) . 'Fast in and fast out' is also a characteristic indicator of MRI diagnosis of HCC. Moreover, MRI has a very high soft tissue resolution, which can display the anatomical image of the liver, and helps with the understanding of the function and pathology of the liver. The lesions detected by US can be characterized by MRI contrast-enhanced scans (11, 12) .
Currently, the diagnosis of RHCC mainly relies on computed tomography (CT), US, MRI, and other influential
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examinations combined with past medical history. Usually, however, the selection of the imaging examination mainly follows the method used for the diagnosis of PHCC (13, 14) . However, after undergoing various treatments, RHCC has more diverse imaging effects than those of PHCC, and is more difficult to diagnose. The examination method of PHCC does not necessarily accurately and effectively detect the recurrent lesions (15, 16) . Therefore, this study compared the diagnostic value of PHCC and RHCC by using US alone, MRI alone and US combined with MRI, in order to select a more appropriate and accurate influential examination method for PHCC, provide new imaging ideas for RHCC diagnostic screening, and improve the detection of lesions in RHCC and the prognosis of patients with PHCC.
Patients and methods
Research subjects. HCC imaging diagnostic indices. HCC used 'fast in and fast out' as a diagnostic imaging index, in the arterial phase during angiography, the echo/signal intensity and imaging results of the portal phase, defined as follows: Enhanced arterial phase, the hypoechoic/signal of portal phase is fast in and fast out; enhanced arterial phase, the isoechoic or hyperechoic/signal of portal phase is fast in and slow out.
Classification of HCC lesions. The classification criteria, according to the size of HCC lesions, are shown in Table I .
Statistical analysis. SPSS 19.0 statistical package (IbM Corp.) was used for statistical analysis. The measurement data were expressed as the mean ± SD and analyzed by t-test. The enumeration data were expressed as n (%) and Chi-square test was used for the comparison of the coincidence rates. aNOVa was used for comparison between multiple groups and the post hoc test was the Least Significant Difference test. The level of significance was set at α=0.05.
Results

Comparison of general clinical data between the two groups.
There were no differences in age, sex, HCC type, lesion location, total number of lesions and serum α-fetoprotein (aFP) between the two groups (P>0.05). However, the lesion size in the PHCC group was significantly higher than that in the RHCC group (P<0.05), as shown in Table Ⅱ . and there was no significant difference among the other three groups (Table Ⅲ ).
Image performance after angiography in RHCC patients.
In US combined with MRI detection, there were 65 micro HCC lesions (43.33%), 26 small HCC lesions (68.42%), and 7 large HCC lesions (100.00%). Since the diagnostic efficiency of CT is lower than the other three methods, it was used as a normal control. When the lesion type of RHCC patients was small HCC, there were no significant differences in the coincidence rate among CT, US, MRI, and US combined with MRI (P>0.05). When the lesion type was large HCC, there were no significant differences in the coincidence rate among US, MRI, and US combined with MRI (P>0.05). When the lesion type was micro HCC, the coincidence rate of MRI alone was significantly higher than that of US (P<0.05). There was no significant difference in the coincidence rate between US alone and US combined with MRI (P>0.05), as shown in Table Ⅶ .
Comparison of CT, US and MRI detection rate. PHCC was assumed as true positive, and RHCC was assumed as true negative. Two groups were combined as one group. The sensitivity, specificity, positive predictive value and negative predictive value of MRI were significantly better than those of the other three methods, and the differences were statistically significant (P<0.05). The other three methods had no significantly different results (Table Ⅷ) .
Discussion
PHCC is a malignant tumor that is common in middle-aged males (17) . at present, US is mainly used for early screening and diagnosis of HCC. However, there is a variety of factors that may affect the results of US examination, such as the weight and body position of the patient, as well as the instrument performance. In addition, some HCCs do not conform to the 'fast in and fast out' of US indicator. Thus, it is difficult to identify HCC by using US alone (18) . MRI provides high resolution and is applied to complement US in the detection of lesions (19) . although RHCC is derived from PHCC, its pathological and imaging features have been altered after the treatment and the natural development of HCC cells (20, 21) . This may be the reason why the lesion size is smaller than in PHCC. This study compared the value of US combined with MRI in the diagnostic process of PHCC and RHCC, to determine a more accurate and effective imaging technique to diagnose, screen and identify PHCC, as well as to improve the detection rate of RHCC. although there was no difference in age, sex and other general clinical data between the two groups of patients, the size of lesions in the PHCC group was significantly larger than that in the RHCC group. This is consistent with the findings of Escartin et al (22) . In the comparison of the two groups, we found that the coincidence rates of US, MRI, and US combined with MRI in the PHCC group were all significantly higher than those in the RHCC group. This may be because the lesion of RHCC is smaller than that of PHCC, and this makes it more difficult to detect. The coincidence rate of using MRI alone was higher than that of using US alone and higher than using US combined with MRI. This suggests that the detection rate of RHCC is higher when MRI is used alone. In terms of PHCC group, the coincidence rate of using MRI alone was significantly higher than that of using US alone or using US combined MRI. The reason of the poor result of the combined detection may be that although US combined with MRI can complement each other, it may also lead to a decrease in the correct rate due to conflict between MRI diagnosis and US misdiagnosis. There was no significant difference between the use of US alone and US combined with MRI. Furthermore, through comparing and analyzing the performances of US, MRI, and US combined with MRI in detecting different RHCC lesions, we found that when the lesions were of micro HCC type, the coincidence rate of MRI alone was significantly higher than that of US alone (P<0.05). There was no significant difference in the coincidence rate between US alone and US combined with MRI (P>0.05).Xiao et al (23) reported that in the case of lesions with a diameter of ≤2 cm, the isoechoic enhancement rates of RHCC in arterial phase were significantly higher than those of PHCC. RHCC is more likely to be diagnosed as 'fast in and slow out'. Shagdarsuren et al (24) conducted a study regarding the role of US in the diagnosis of RHCC. It was reported that the size and location of the lesion, and the thickness of the abdominal wall are independent factors that prevent the US angiography from being evaluated. This is also demonstrated in the results of the present study: In the case of lesions with a diameter of ≤2 cm, the coincidence rate of US was only 36.67%, which is far less than the coincidence rate of lesions with a diameter of >2 cm. Therefore, apart from the correct choice of the imaging technique, tumor markers, such as aFP should be taken into consideration for the comprehensive diagnosis of RHCC (25) . In summary, the diagnostic efficacy of MRI for PHCC was superior to that of CT, US, and US combined with MRI. There was no significant difference among CT, US, and US combined with MRI. The diagnostic efficacy of MRI for RHCC was higher than that of CT, and US was higher than US combined with MRI. For the detection of micro HCC lesions, the diagnostic efficacy of MRI alone was the highest. MRI, US, CT, and MRI combined with US had better performance in the diagnosis of PHCC than in the diagnosis of RHCC. The diagnosis of RHCC should be combined with other indicators to ensure a comprehensive identification.
